Lymphocytic choriomeningitis virus strain WE multiplied in cultivated peritoneal macrophages from unstimulated NMRI mice. As revealed by immunofluorescence technique, most cells participated in the infectious process. They were not, however, functionally altered. Morphologically, infected cells contained more cytoplasmic vacuoles, but these were also present, though less numerous, in uninfected ageing cells and in cells having phagocytosed Latex beads. As compared with the WE strain virus, the E-35o (Armstrong) strain multiplied more slowly to lower titres, but the proportion of infected cells was similar.
While it is well established that macrophages are often of key importance in virus infections (Mims, I964a; Allison, 1974) , their role in the prevention of illness or in recovery depends on the type of virus-host interaction and, hence, each system requires its own analysis. As part of current work directed at analysing the pathogenesis of murine LCM pathology, we have investigated the effect of the WE strain LCM virus on cultivated peritoneal macrophages from NMRI mice. Although most cells were infected, they were not functionally altered.
Colony bred 4-to 8-week-old NMRI mice, classified as specific pathogen free, were obtained from the Zentralinstitut ftir Versuchstiere, Hannover, West Germany. Peritoneal macrophages from untreated mice were collected as described by Mims (i964b) . They were centrifuged and resuspended in growth medium consisting of Eagle's minimum essential medium (MEM) plus non-essential amino acids (Lockart & Eagle, I959) and 20 heat-inactivated calf serum. Cells were adjusted to a concentration of approx. 5 × IO6 per ml, and 3"5 cm plastic Petri plates (Greiner, Niirtingen, West Germany) and Leighton culture tubes containing coverslips received 3"o and 1.5 ml of cell suspension, respectively. After incubation for I h at 37 °C under 5 ~ COz, non-adherent cells were removed by vigorous washing. Cultures were used after further incubation for 24 h. Of the adherent cells, more than 9o ~ exhibited the morphological, phagocytical, and cytochemical characteristics of macrophages (Furth et al. 1972; Goud et al. 1975) .
LCM virus strains WE (Rivers & Scott, 1936 ) and E-35o (Armstrong) were employed. Infectious virus was titrated by counting plaques on L cell monolayer cultures according to a method developed by Mircea Popescu from this laboratory (Lehmann-Grube & Ambrassat, I977). In a series of titrations of LCM virus strain WE performed in parallel in L cell cultures and intracerebrally in adult mice, the latter were found to be more sensitive than the cell cultures, I p.f.u, in L cells being approximately equal to lO IDs0 (4 LDs0) mouse (F. Lehmann-Grube & M. Popescu, unpublished results) .
To assess the ability of cultivated peritoneal macrophages to support the multiplication of LCM virus, cultures were infected with the WE strain of LCM virus at two multiplicities of infection (m.o.i.), namely o.I and O.Ol, and with the E-35o strain at m.o.i.o.I only.
After 2, 24, 30, 48 and 72 h of incubation at 37 °C, cells were disrupted by sonication and total infectious yields were determined. With each virus strain-m.o.i, combination three experiments were performed, and the results given below are means from three independent determinations. Intracellular virus antigens were demonstrated in acetone-fixed cells by the indirect immunofluorescence method using highly specific rabbit anti-LCM virus antiserum (Gschwender et al. 1976 ) and fluorescein isothiocyanate (FITC)-labelled goat anti-rabbit IgG antiserum (Hyland Laboratories, Costa Mesa, California, U.S.A.). For the localization of virus surface antigens, infected macrophages grown on coverslips were washed with ice-cold phosphate-buffered saline pH 7"4 and incubated for 2 min with I 700 paraformaldehyde, pH 7"3 (PFA) at o °C. Preliminary experiments had shown that this treatment reduced cellular mobility and stabilized the cell membranes without rendering them permeable to antibody. The cells were washed and overlaid with suitably diluted anti-LCM virus antiserum to be held for 2o rain at o °C. They were washed again, fixed by treatment for lO min at 4 °C with 4 ~ PFA and overlaid with FITC-labelled anti-rabbit IgG antiserum, and immunofluorescence was visualized with a Leitz Orthoplan fluorescence microscope equipped with a Ploem-type vertical illuminator and an HBO 2oo mercury lamp. For evaluation of morphology, cultivated peritoneal macrophages grown on coverslips were fixed with absolute methyl alcohol and stained with May-Grtinwald-Giemsa solution.
To determine the effect of LCM virus infection on phagocytic ability, macrophages grown on coverslips in Leighton tubes were infected or left uninfected as controls. At intervals cultures were washed and incubated for I h at 37 °C with 1.5 ml of growth medium containing either 3 × IO7 Latex beads with diameters of 1.I/~m (Sigma Chemie GmbH, Mtinchen, West Germany) or I'5 × lO 7 Staphylococcus aureus bacteria. The cells were then stained and phagocytic activity was evaluated by counting under the microscope the number of beads or bacteria, respectively, taken up by individual cells.
Acid phosphatase (Stuart et al. 1973 ) and fl-glucuronidase (Hayashi et al. 1964 ) were demonstrated histochemically. The numbers of stained granules in individual cells grown on coverslips were counted microscopically. Lactate dehydrogenase (LDH) and, again, acid phosphatase were determined as cell-associated activities. Cells were homogenized and centrifuged and enzyme activities in the supernatant fluids were measured photometrically using commercially available assay kits (Boehringer, Mannheim, West Germany) . In parallel cultures cells were counted to allow the expression of enzyme activity on a per cell basis.
The results were as follows. Both virus strains multiplied in cultivated peritoneal macrophages. Two hours after infection with WE strain virus at m.o.i, o-ol the cultures contained, on average, lO 2.9 p.f.u. At 24 h infectious virus had increased to io 5.3 and at 3 ° h the titre was at IO e'l p.f.u. A maximum of lO 6.7 p.f.u, per culture (IO 6"~ p.f.u, per ml) was reached 48 h after infection, and at 72 h the cultures contained io n'3 p.f.u. After infection of cultivated peritoneal macrophages with lo times more virus, slightly less infectious virus was produced. Multiplication of the E-35o strain (m.o.i.o. I) was slower. At 2 h cultures yielded, on average, Io 3"~ p.f.u, and at 72 h (the longest interval investigated) a maximum of io 5"6 p.f.u.
Cellular virus antigens were detected by immunofluorescence methods (Table 1) . After infection with the WE strain virus at an m.o.i, of o.oi, half the macrophages had intracellular virus antigens by 24 h and at 48 h more than 95 ~ of the cells could be shown to be infected. The corresponding values for membrane antigen were similar. Development of virus antigen was as rapid and as many cells were involved in macrophages infected with E-35o virus. Under the light microscope infected cells did not appear to be cytopathically damaged. They contained, however, significantly more vacuoles than the control cells (P ~ o.oi) at all times of observation (Fig. I ). Latex particles alone had a similar, though less marked, effect, the difference from the control cells being highly significant at e, 48 and 72 h. Highest degrees of vacuolization were seen when infected macrophages had also taken up Latex beads. This additive effect was especially obvious 24 h after infection and uptake of Latex and was still pronounced at 48 h. Towards the end of the experiment the differences tended to disappear in part due to increased vacuolization of untreated control cells.
Infection did not affect the ability of macrophages to take up particulate matter. Both Latex beads and S. aureus were equally well phagocytosed by virus-infected cells and control cells. Nor were differences detected with respect to the numbers of granules counted in infected and uninfected macrophages stained histochemically for acid phosphatase and p-glucuronidase. Cell-associated acid phosphatase was also measured photometrically as was cell-associated LDH. Whereas the latter was essentially equally active whether cells were infected or not, the activity of acid phosphatase was slightly higher after infection.
Multiplication of the WE strain virus in cultivated mouse macrophages closely resembled multiplication of this virus in cultivated foetal mouse cells with one important difference. Whereas each cultivated SCH mouse fibroblastic cell produced, on average, about 5oo p.f.u. (yon Boehmer et al. 1974) , from the number of macrophages per culture and the infection yields it was calculated that individual NMRI mouse macrophages produced, on average, no more than I p.f.u. (SCH and NMRI mice are of the same origin but purchased from different breeders.) Seamer (1965) had previously followed by infectivity titration the growth of the WHI and UBC (= WE) strains of LCM virus in cultures of peritoneal macrophages from stimulated VS mice with similar results. Using immunofluorescence methodology, Mims & Subrahmanyan (1966) found that up to 95 ~ of WE virus-infected cultivated peritoneal macrophages from unstimulated Walter and Eliza Hall Institute mice were infected, which corresponds to the observation reported here. After infection of cultivated mouse peritoneal macrophages with strain E-35o virus, Tosolini & Mires (1971) reported only 3 ~o of the cells to participate in the infectious process. According to our observations, almost all cells were infected by this virus, although the virus preparations used by Mires and his colleague and by ourselves had the same source and the response of WEHI mice to LCM virus infection is strikingly similar to that of NMRI mice (Mims & Tosolini, 1969; Tosolini & Mires, I97I; L6hler et al. 1974 )-The discrepancy of the data may be explained by homologous interference caused by interfering particles which are present in every LCM virus preparation and block the production of infectious virus and also of virus antigens (Popescu et al. I976; Popescu & Lehmann-Grube, 1977) . Presumably the preparation of E-35o virus used by Tosolini & Mires (I97I) was especially rich in these entities. Action of interfering particles may also be the reason for the slightly lower yield of WE strain virus after infection of the cells with an m.o.i, of o-1 instead of O-Ol.
Work in this laboratory has shown that macrophages figure prominently in the extraneural histopathological alterations seen in murine lymphocytic choriomeningitis, which in certain mouse strain-virus strain combinations is very severe. During the course of infection of NMRI mice with the WE strain of LCM virus, macrophages in thymus, lymph nodes, spleen and liver were to a large extent destroyed histologically (L6hler et al. I974 ). However, cultivated macrophages from NMRI mice did not appear to be much affected by the WE virus. True, infected cells contained more cytoplasmic vacuoles but these were also present, though less numerous, in uninfected controls. Uptake of Latex beads alone had a similar effect and others have observed increased vacuolization after treatment with concanavalin A (Goldman & Raz, 1975 ). Our conclusion is that the formation of vacuoles is caused non-specifically by various stimuli and this is strengthened by the finding that vacuolization due to virus infection was not accompanied by functional incapacitation. Both S. aureus and Latex beads were as efficiently taken up by infected cells as by uninfected cells.
In the WE virus-infected mouse, destruction of mononuclear phagocytic cells is preceded by activation of lysosomal enzymes such as acid phosphatase and unspecific esterase (L6hler et aL I974). In cultivated peritoneal macrophages histochemical analysis revealed that fi-glucuronidase and acid phosphatase were similar in virus-infected cells and in control cells. Cell-associated acid phosphatase was slightly increased in infected cultures, but the activity of LDH was not altered. Thus, changes of enzyme activities in LCM virus-infected cultivated macrophages were slight and of doubtful biological significance. We interpret these data to mean that direct cytopathic effects of the virus on cultivated peritoneal mouse macrophages were absent.
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